We determined the feeding habits, including seasonal and annual variations in diet composition, of the Jalapan pine vole (Microtus quasiater), an endemic rodent from Mexico. During 3 annual cycles, feces were collected on a monthly basis from a population located in a mountain cloud forest at Apulco, Puebla, Mexico. Microscope slides were prepared from each fecal sample, and fragments of food items were identified by comparison with photomicrographic references. Thirty-six plant species occurred in the diet, representing more than 60% of the identified plant species in our study area. Roots, sedge heads, seeds, dicotyledonous flowers, and fungi each contributed less than 10% of the diet. This rodent consumed 85% of the monocotyledonous species present in the area, but only 50% of the dicotyledonous species. The diet showed seasonal and yearly differences. M. quasiater remained highly selective in its diet.
Knowledge of feeding habits can improve our understanding of the biology and ecology of organisms. During the last 4 decades, many authors have documented the dietary composition of arvicoline rodents in the temperate zone (Batzli 1985; Heroldova 2002; Wang et al. 1992 ), but few data are available (Hall and Dalquest 1963; Matamoros and Cervantes 1992; Sánchez-H. et al. 1996) on the diet composition for arvicoline species in tropical habitats.
The Jalapan pine vole (Microtus quasiater [Coues, 1874] ), is endemic to Mexico. Its typical habitat is marshy meadows and grassy swales (Hall and Dalquest 1963; Ramírez-Pulido et al. 1991) . These voles appear to live in habitats similar to their northern congeners but have a much reduced litter size, which implies a rather different life history. Limited previous information indicates that Jalapan pine voles feed mainly on roots and the bases of stems of annual plants and possibly some grasses (Hall and Dalquest 1963) . Because of the importance of food for growth, reproduction, population fluctuations, habitat selection, and inter-and intraspecific interactions, better knowledge of the diet of this species is essential if we are to understand its natural history. The goals of our study were to determine the composition of the diet of M. quasiater, to establish its feeding preferences, and to examine seasonal and annual differences in diet.
MATERIALS AND METHODS
Study area.-Historically, M. quasiater has been collected in low numbers (http://investigacion.izt.uam.mx/mamiferos/ ). We spent 220 field days over 3 years, setting 300-500 Sherman live traps (H. B. Sherman traps, Inc., Tallahassee, Florida) per day, conducting surveys of new and previously reported locations of M. quasiater within its geographic range in Mexico to locate a population sufficiently numerous for our study. The only site where we captured M. quasiater in suitable abundance (23 specimens in 1 night) was the Apulco Valley, located 5.5 km northeast of Zacapoaxtla, Puebla, Mexico, at 1,400 m (198549470N, 978379020W) . This site was a small valley surrounded by mountains with cloud forest on their lower slopes, and with some grasses in open forest and meadows. Montane cloud forests occupy less than 1% of the total surface area of Mexico and are one of the most threatened habitats (Flores and Geréz 1994) . The wet season occurs from June to October and the dry season from November to May.
Field methods.-We trapped rodents on a monthly basis from January 1992 to September 1994 on a permanent grid. The grid had 50 trap stations (5 Â 10) located at 5-m intervals. Two Sherman live traps were located at each trap station and baited with oats and vanilla essence. Each trap was provided with cotton bedding and covered with a plastic bag to protect voles from low temperatures and high moisture during the night. The traps were kept open during 2 consecutive nights, from 1730 h until 0300 h, with 3 trap checks per night. All fresh feces left in traps after captures of M. quasiater were collected, placed individually in paper bags, and air dried. Livetrapping and (Animal Care and Use Committee 1998) .
Samples of the vegetation were collected every month along 4 transects located inside the trapped area. Plant species collected were identified to the genus or species level, and microscope slides were made from each sample by stripping epidermal tissue from various plant parts and by macerating seed tissue (Storr 1961) . We recorded photomicrographs (10Â, 40Â, and 100Â) of plant tissues with a camera on a microscope (Leica DC 500, Alcon, México D.F., México).
Diet composition.-Microscope slides were prepared from each fecal sample and fragments of food items were identified by comparison with the photomicrographic references (Butet 1985; Metcalf and Chalk 1985; Storr 1961 ). In the case of leaves and stems, identification was made to the genus or species level, but other parts of plants could only be identified as coming from monocotyledons or dicotyledons. The relative composition of the diet of M. quasiater was obtained by dividing the number of fragments of each type of food by the total number of fragments observed (Butet 1985) .
Statistical analysis.-Before statistical analysis, all data sets were tested for departure from normality and homoscedasticity. When such departures were detected, we employed the nonparametric equivalents of the appropriate parametric statistical tests. Analysis of variance (ANOVA) was used to test for differences among years in the frequency of general food groups within the diet. Differences among seasons in the frequency of general food groups were assessed using a Student's t-test. To test for differences among seasons in the frequency of the most commonly consumed plant species (plant species comprising .2% of the diet), we used MannWhitney U-tests. We used a Kruskal-Wallis test to evaluate differences among years in the frequency of the most commonly consumed plant species. Statistical significance was determined at P , 0.05. All statistical calculations were made using the Stata 6.0 statistical package (StataCorp 2001) for Windows.
RESULTS
Eighty-six fecal samples were collected, from which 8,600 plant fragments were examined. During the study period, M. quasiater fed upon 36 species of angiosperms (17 monocotyledons and 19 dicotyledons), representing 62% of the identified plant species found in the area. The voles consumed 85% of the monocotyledonous species in the area, but only 50% of the dicotyledonous species. The most frequent monocotyledons in the diet were Muhlenbergia, Carex xalapensis, Paspalum conjugatum, Isachne, Heteropogon, and Sisyrinchium micranthum, each comprising about 2-4% of the diet. The dicotyledonous species consumed most often was Trifolium amabili, comprising slightly more than 5% of the diet. Most species of plants contributed less than 1% to the diet with relatively little variation from one season to another. Monocotyledonous leaves and stems (40.9% of the diet) were the predominant food, followed by dicotyledonous leaves and stems (22.4%), roots (7.6%), seeds (5.7%), sedge heads (5.8%), flowers (3.1%), and fungi (2.1%). Unidentified fragments represented 12.4% of the total samples examined. Five different dicotyledonous seeds were consumed, although they could not be identified to the species or genus level. Glomerules of S. micranthum were the only reproductive structures that could be identified to the species level, and were consumed more often in autumn and winter. Heads of sedges, dicotyledonous flowers, and roots occurred in the diet in all seasons; fungi appeared as mycelium fragments and as spores (,5% in all seasons).
The composition of the diet of M. quasiater showed changes between dry and rainy seasons. Voles ate more monocots in the dry season than in the wet season (t ¼ 3.95, d.f. ¼ 84, P ¼ 0.0001); in contrast, they ate more dicots in the wet season (t ¼ 2.24, d.f. ¼ 84, P ¼ 0.01). Seasonal changes in composition of the diet differed among years. In 1992, there was greater consumption of heads of sedges in the dry season (t ¼ 3.16, d.f. ¼ 31, P ¼ 0.001). In 1993, more seeds were consumed in the wet season than in the dry season (t ¼ 1.91, d.f. ¼ 32, P ¼ 0.03), and in 1994, more roots were consumed in the dry season (t ¼ 2.5, d.f. ¼ 17, P ¼ 0.01). The other groups of food items did not show significant seasonal variation in consumption over the 3 years of the study (Fig. 1) .
Only a few individual species of plants changed significantly in their representation in the diet. Muhlenbergia was consumed more in the dry season for all 3 years (1992: z ¼ 2.17, P ¼ 0.029; 1993: z ¼ 2.59, P ¼ 0.009; 1994: z ¼ 2.24, P ¼ 0.024); Senecio was consumed in a greater proportion in the wet season only in 1992 (z ¼ À2.97, P ¼ 0.003); T. amabili and Oenothera rosea were eaten more in the wet season only in 1994 (z ¼ À2.43, P ¼ 0.015; z ¼ À1.96, P ¼ 0.049, respectively).
From year to year, the diet of voles showed few significant differences. Monocotyledonous leaves and stems were less frequent in 1992 than in 1993 (F ¼ 5.18, d.f. ¼ 2, 83, P , 0.05); in consequence, dicotyledonous leaves and stems were more frequent (F ¼ 4.41, d.f. ¼ 2, 83, P , 0.05). Heads of sedges were more frequent in 1992 than in 1993 and 1994 (F ¼ 7.47, d.f. ¼ 2, 83, P , 0.05) and dicotyledonous flowers were less frequent in 1992 than in 1993 and 1994 (F ¼ 6.15, d.f. ¼ 2, 83, P , 0.05). The other categories showed no differences. Species composition was similar between years. Frequency in the diet was significantly different for only 3 species of plants:
DISCUSSION
Microtus quasiater fed upon a great diversity of plants (36 species; 62% of those available). In our study, M. quasiater fed preferentially on leaves and stems of monocotyledonous (mainly grasses) and dicotyledonous species; roots, heads of sedges, seeds, flowers, and fungi were secondary items. Monocots may be overrepresented, and dicots underrepresented in our results because of differences in digestibility of these groups of plants (Neal et al. 1973) . Also, voles consumed both annual and perennial species. Our results differed considerably from earlier information for this species, which emphasized the importance of roots and stem bases of annual plants (Hall and Dalquest 1963) . Microtus mexicanus, the only species found in sympatry with M. quasiater, has a more restricted diet that is based on grasses (Matamoros and Cervantes 1992) .
Seeds are important components of the diet for some arvicoline species (Batzli and Pitelka 1971; Cole and Batzli 1979; Lindroth and Batzli 1984) but not for M. quasiater. Unlike several other species, we found no arthropods, lichens, mosses, pteridophytes, fruits, or tree bark in their feces, even though these items were available in the area. The diet also differed little between years and followed no definite pattern (Fig. 1 ), which concurs with other studies indicating that feeding habits and diets are similar from one year to another Batzli and Pitelka 1983; Lindroth and Batzli 1984 ).
Although we did not record annual abundance for each plant species present in the area, we observed that Borreria laevis, Setaria geniculata, and Phytolacca were plentiful in the area throughout the year. These species did not form part of the diet of M. quasiater (only a trace of Borreria), and other relatively abundant species such as Hedeoma, Stipa, and Geranium mexicanum also were eaten only in small amounts. Only Heteropogon, one of the most abundant grasses observed in the area, was frequently consumed. The feeding of M. quasiater therefore appears to be highly selective.
Seasonal and yearly changes in the feeding of M. quasiater were not very marked, although some variation in the preferences of plant parts reflected phenologic changes (data not shown) of the vegetation. In summer, there was a greater consumption of flowers and seeds. In addition, heads of sedges were consumed more often in winter. This indicates that voles consumed fewer grass heads during the summer, when they are green, and fed on them more often during the winter, a season when most of them are dry. Voles often ate stems and leaves of monocotyledons (mainly grasses) during the dry season when the standing crop (winter-spring) was greater even though drier. Nevertheless, this seasonal variation is small compared to that in northern habitats where phenologic changes are more drastic and plant diversity is low (Tast 1974; Wolff and Lidicker 1980) . Finally, it is important to note that studies from other locations are required to understand how dietary preferences vary within the range of M. quasiater.
RESUMEN
Microtus quasiater es un roedor endémico de México del cual se desconocen muchos aspectos básicos de su biología. El objetivo del estudio fue determinar sus hábitos alimenticios incluyendo la variación estacional y anual en la composición de su dieta. Se colectaron mensualmente muestras fecales en una población localizada en un bosque de niebla en Puebla, México. Los fragmentos de cada muestra fecal fueron examinados al microscopio y comparados con fotomicrografías de referencia de las especies vegetales presentes en el al área. Los resultados muestran que la dieta es predominantemente herbívora y que incluye una amplia variedad de monocotiledóneas y dicotiledóneas. Treinta y seis especies de plantas estuvieron presentes en la dieta, lo que corresponde a más del 60% de las especies vasculares disponibles. Las raíces, espigas, semillas, flores y hongos contribuyeron cada uno con menos del 10%. Este roedor mostró una marcada preferencia por las monocotiledóneas, consumiendo el 85% de las especies presentes en el área, mientras que solo el 50% de las dicotiledóneas fueron utilizadas. La dieta presento diferencias estacionales y de un año a otro. M. quasiater es altamente selectivo en su dieta.
